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The objective of this inv* stigation was to study the flo v field 
in the irraodiate vicinity of a finite cone and to compare the results 
x*th analytical values for an infinite cone. Pressure distribution 
over the surface of * 70° cone and the general characteristics of the 
shock wave were investigated. The teats were conducted at five -inch 
numbers covering tho four regimes of flow. Particular attention 
was given to tho conditions at apex of the cone. The locations 

of the intersection of the conic line 7/1 th the surface of tho cone 
and with the shock wavo were determined. 

In general the tests demonstrate that at the a pox of a finite 
cone the pressure and the shock wave angle closely approach the values 
predicted by analytical methods in- the four regimes of flow. 

The tests were conducted in the GALCIT 2.V* Supersonic Kind 
Tunnel. 
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Ihte objective of this investigation was tc study the flew field 
in the immedia te vicinity of a finite cone and tc compare the results 
with analytic 1 values for sn infinite cone. A previous investigation 
was sae.de by iturschner (Ref. 1 The results of thir. were inconclusive 
for conditions near the apex of the cone at Kach numbers near the 
attachment ilac-h nuacer. A 1 1 > o , beoause of the selection of toe oone 
angle-, his res llts were not direotly comparable to one analytical 
solutions by Kopal (Ref. 2;. 

This investigation was made on a oircular cylinder with a 70° 
oonioal nose since this was one of the cone angles for wnich the 
taoular solution was available in (Ref. 2 ,. The pressure distribution 
over the surface of the cone and the general cltaracteris tics of the 
shock wave at each flow condition were investigated. The location of 
tho points at which the loonl ilaoh number became one, both on the 
surface of the oone and innediately behind the shock wave, were 
determined. Particular attention wus given to conditions close to 
too apex of the cone. This was accomplished by the use of a diameter 
for the cylinder just slightly smaller than the blocking size for the 
tunnel at the lowest tost Much number, and by the use of a pressure 
orifioe as dose as possible to the apex of the cone# Five test Mach 
numbers were selected in order that the flow over the cone could be 
investigated in all four regimes* detached shook with subsonic flow 
between the shook wave and the cone, attaohed shock with subsonic flow 



between the shock w'.vo and the attached shook with nixed flow 

between the shock v/nve and the cone, and attached shock with supersonic 
flcn? **»tw the ".hock mvvo ’n 1 r'O'.c. Two of the test 1'o.ch trn icrs 

were siren to * v c attachment M nch number. The 1,'o.ch ninberc selected 
t. ’ so.- r the ,v ur re Incs ’rove: l.<!', I. r "6, l.S9<, 1.06, and l.h37. 

? t, ~oretic >1 result? frr infinite conns have been tabulated by 
a opal (W. ?/. Those analytical results she r# for the 70° infinite 
cone that : 

Initial Mach 'Thve Position Maoh Number Surface Mach 

Kunb'-r After Shook Number 

1.000 < J < 1.681 Detached Subsonio . Subsonic 

1.681 < M < 1.769 Attaohed Subsonio Subsonio 

1.769 < M < 1.911 Attaohed Supersonie Subsonio 

Supersonio 



1.911 < M < OO 



Attached 



Supersonic 



II 



r.QMPiffiNT A?n FT- OCT DAB 



The models used for this investigation were machined from brass 
with an apex angle of 7C°. The oylinder diameter seleoted wa3 .5 
inohea to obtain a 3ize which would furnish the largest conical surface 
but whioh would not block the tunnel at Mach number of 1.49. A series 
of eight models were used in order to make pressure measurements on 
the surface of the cone and behind the shoulder. Bach model has a 
pressure orifice looated on the cone, as shown in Pig. 1. Other than 
the looation of the pressure orifice the models were identical. The 
number one orifice was placed as close to the apex as possible j the 
others were Gpaced over the remaining oonioal surface and behind the- 
shoulder. 

The wind tunnel used for the tests was the GALC IT Superronio 'Vind 
Tunnel. The tunnel is of closed throat, rectangular cross-section, 
single return type. The test section is 2.5” by 2.5". Complete details 
of the tunnel are given in GALCIT publication (Ref. 3 /• For two of the 
tests, Mach numbers 1.636 and 1.997, fixed nozzle blocks were used. 

A flexible nozzle was used to obtain the other three ?foch numbers i 1.49, 
1*694, and 1.86. A description of the flexible nozzle and adjusting 
equipment i3 outlined in (Ref. 1 y. Bach nozzle was calibrated b. an 
axial static* tube. The results of those calibrations are shown in Pi-'. 2. 

Pressure data was measured on each of the eight models at each Much 
number by the use of mercury U-tuoe manoE»ters. All measurements were 
made at zero angle of attack relative to the flew. The zero angle was 



determined for ot.ch model for e iF ery te3t. The procedure followed for 
this tt\s to place th« orifice of the model in an up position and 
measure the pressure for several anplos of attack relative to an 
arbitrnry *ero. The orifice was then nlaoed in a do^m position and 
tho pressures measured at these so me angles. Prom a olct of these 
the zero an?!* of attack relative to the f 1 ow wac determined. A 
sample riot of this procedure i3 sham in Fiy. 3. Tho model wuo then 
set to this position and the orifice pressure checked with the orifioo 
in both positions. 

'"ith the node! at zero arv ie of attack, a Schlieren picture uras 
taken. The orifice pressure, the wind tunnel settling tank stagnation 
pressure, and a representative test section wall orifice pressure were 
recorded. Throughout the tests the relative humidity of the tunnel 
was maintained between tro and fo’ir p^r cent try tho dryer. 
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III RESULTS AND PISC7SS10S 

In Fig. 4 are given the symbols used in the reduction and presen- 
tation of data* The pressure measurements obtained were redueed to 
non-dimensional form, p s/ p o» ^s the particular orifioe pressure 

and F Q , the stagnation pressure in the settling chamber of the tunnel. 
Fig. 5 through 9 show the results for each Mach number of Pg/P 0 plotted 
against s/x. x/s is the distance of the particular orifice from the 
apex of the cone divided by the slant distanoe of the surface of the 
cone. In Fig. 10 is a summary of this data. The variation of Pg/P Q 
for each orifice with Maoh number is shown in Fig. 11. 

The pressure measurements were also reduced to the non-dimensional 
form of Pg/pQ 1 * Pq* being the reservoir pressure behind the shock 
wave at the apex. For Mach numbers of 1.49 and 1.630 the normal shock 
wave relations wore used to determine ? 0 '. The oblique shock wave 
relations were used to determine P Q ’ for Mach numoers with attached 
shock wave. Fig. 12 through 16 shaw P s /P 0 ' plotted against x/e, with 
a 3U3T.iP.ry in Pig. 17. The variation of Pg/P 0 ' with Mach number is 
sham in Fig. 18. 

The Sohlioren negatives were projected and the wave angles 
measured at various stations from the centerline of the cone. In 
Fig. IS tne shock wave pattern is shown six times actual size. In 
Figs. 20 through 24 is plotted the variation of the wave angit , Q , 
with Y/l, Y oeing the distance from the oentorllne of the cone and D, 
tne cylinder diameter. From the angles tne Mach number. Mg, behind 
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t he wave was computed by the oblique shock wav© theory and plotted. 

A summary of 0 ^ and is shown in Pigs. 25 and 26. 

For t hr, *Sach numbers of 1.49 and 1.636, the stagnation pressures 
behind the shock wore computed from the normal shook relations. These 
were plotted in Figs. 5 and 6. It is seen from tho tost data that the 
surface pressures for these two cases increase toward the apex of tho 
cone and tend to approach tho stagnation pressure. Prom the stagnation 
pressure behind the shock, the pressure for M - 1 was computed and 
plotted at x/e ~ 1 in the figures. The tests chow reasonable agreement 
with these analytical values. 

Pram Kopal (Ref. 2/ a theoretical curve of P 8 /P D with Mach number 
for the 70° infinite cone was made in Fi* . 27. The values of Pg/P 0 for 
!d * 1.694, 1.86, and 1.997 from this curve were plotted in Figs. 7, 8, 
and 9. In each case the test results shew that the surface pressure 
closely approached the analytical values at the apex of the cone. From 
7 0 f the value of P g /P 0 for h - 1 tms computed and plotted for ~ 1.694 
and 1.66. At kl 1.694 it appears that a local Mach number of one is 
reacted a t an x/e of .975. -.t li - 1.86 tnis value is reached at an 
x/s of .5. These tests indioate that the point, at which the local 
tfaoh number reached one, moves dovm the surface of the cone from the 
shoulder toward the apex as tho uach number increases, until the whole 
region is supersonic, hsing the Prandtl-^eyer expansion relations, the 
pressure at the shoulder of the cone was computed and plotted In Fig. 9 
for h - 1.997. 

In Figs. 21 and 22 is shown the fact that the shook angle approaches 
the nornul shock at the centerline of the cone for the detached cases. 



ilg reached one at a Y/O of .96 for !A 1.43, and at .83 for M - 1.636. 
A theoretioal curve of the shock wave angle, 0 with Mach number 
for the 70° infinite cone vras drawn in Fig. 28 from (Ref. 2;. The3e 
values for the threo attached shock waves were plotted in Figs. 23, 

24, and 25. From those it is seen that the measured wave angle at the 
apex was in close agreement with the amlytioal results. For the test 
ilach number of 1.694, 'JL, equaled 1 at a Y/l) of .67. For the Mach 
numbers of 1.86 and 1.997, Mg was at all points supersonic. In Figs. 
29 through 55 are representative Sohlieren photo & raphs taken during 
the tests. 

The results of these tests aro in agreement with the results 
obtained in (Ref. 1 y. The patterns of the p-essuro distrioution 
curves exhibit the same general cruructeristics. In both there is 
a gradual decrease in the slope and lowering of the pressure curves 
for ooth the detaohed and the attached conditions, with an increase 
in Jach number. 

Tithin the scope of this investigation, the results indicate 
that the pressure and shoe 1 - wave angle at the apex of the 70° finite 
cone olosely approach the analytical results for the 70° infinite 
oone. The conditions near the region of the attachment Mach nunbor 
whioh were open to question from the results obtained in (Ref. 1 j 
now appear to follow the, detaohed condition until the attachment lach 
number is reached. After attachment, the analytical oonical flow 
solution predicts the apex conditions. 



IV. COTTCLrCJlC’B 



In general the tests demonstrate that the surfuoe press are 
and the shock \.Mve angle closely aporonch the values predicted by 
the analytical methods in the four regimes of flew only at the apex 
of a finite cone. For the mixed flo •' regimes, th..t is when the 
Mach number benind the shook wave at acme point was less than one, 
the flow is non-conioal. IVhen the Much number behind the shock is 
greater than one, the flow is practioally conical. 

By extension, it is therefore indicated that tho analytical 
results obtained from (F.ef. 2 j for flow conditions other than 
those tested would be in reasonable agreement with test results. 
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